Résumé: Les relations entre la senescence foliaire, la discrimination isotopique du carbone et la performance du rendement, sont examinées chez le Blé dur (Triticum durum Desf.), au niveau des hautes plaines sétifiennes. Dix Mots clés : discrimination isotopique du carbone, sécheresse, sénescence, blé dur (Triticum durum Desf.)
Introduction
Crop productivity in wheat is mainly related to photosynthetic activity, total leaf area, and leaf green area duration. Under drought conditions, photosynthetic activity and duration are strongly limited by reduction of stomatal conductance (Morgan et al., 1993) and premature leaf senescence (Pajević et al., 1999) , respectively. Slow rates of senescence were found to be associated to higher yield in wheat by Rawson et al. (1983) and Ellen (1987) . In some studies, however, quick senescence increased kernel weight and grain yield of wheat (Yang et al., 2001) . Senescence is coupled with remobilization (Yang et al., 2001 ) that in some cases highly contributes to maintain grain yield (Gebbing and Schnyder, 1999) . Senescence rate in wheat is particularly sensitive to water stress (Guo et al., 1998; Mi et al., 1999) and heat stress (Paulsen, 1994) .
Genetic variation for this trait has been reported in durum wheat (Triticum durum DESF.) (Hafsi et al., 2000) . Evaluation of senescence still remains difficult.
Progression of senescence from the tip to the base of the blade is heterogeneous and visual evaluation of the percentage of leaf affected by senescence consequently inaccurate. Dymond and Trotter (1997) and Clarke (1997) used digital cameras to assess crop greenness. Adamsen et al. (1999) developed this method to measure the senescence of wheat canopies. Hafsi et al. (2000) modified the technique to evaluate senescence of wheat leaves.
Under terminal (post-anthesis) water stress, wheat yield is associated with the capacity of the plant to maintain CO 2 assimilation (Morgan et al., 1993) . Under field conditions a wide range of environmental factors and their interactions make difficult to detect genetic variation for this trait. Isotopic methods represent an alternative to gas exchange measurements. In C 3 plants, carbon isotope discrimination is a good long-term indicator of stomatal conductance and transpiration efficiency (Farquhar et al., 1989) . In Mediterranean environments, higher yield is generally associated to high grain ∆ Hafsi et al., 2001; Merah et al., 2001b; Monneveux et al., 2005) , and under severe stress, to leaf ∆ (Hafsi et al., 2001) . The objectives of the present study were to investigate the variation in the association between yield, senescence and carbon isotope discrimination under the strong stress conditions of the High-Plateaux of Eastern Algeria.
Material and Methods

Plant material and growth conditions
The study was conducted at experimental fields of the Weeds were removed manually as and when required. and standard (R standard ) was determined using an isotope ratio mass spectrometer in the Seibersdorf laboratory of the International Atomic Energy Agency (IAEA), Vienna, Austria. R values were converted to  (in ‰) using the relation:
C p /1000) (Farquhar et al., 1989) , where a and p represent air and plant, respectively.
Data were analyzed using SAS, version 8.1. (SAS Institute 1987, Cary, NC, USA). GLM procedure was used for variance and correlation analysis.
Results
Rainfall was higher in season 1 (217 mm) than in season 2 (162 mm). In season 1, most of the precipitation (80%) occurred during early growth period (December and January), well before anthesis (Fig. 1) by eliminating the cultivars Nacori and Dukem12/Rascon21 that had the lowest yields (Fig.   3 ). Leaf Δ is mainly controlled by stomatal opening (Farquhar and Richards, 1984) and consequently largely determined by pre-anthesis conditions that allow to maintain high stomatal conductance (Morgan et al., 1993) . More water supply due to higher rainfall in early growing season 1 may have led to higher stomatal conductance and consequently higher leaf Δ. Correlation with grain yield -0.518NS 0.061NS NS, non significant; Mean values on the same column without a common letter are significantly different (P < 0.05) according to the Duncan comparison test. (Hannachi et al., 1996; Hafsi et al., 2001; Merah et al., 2001b) . The contribution of remobilization dramatically increases with drought (Loss and Siddique, 1984) . Products filling the grain are likely to be originated from vegetative organs and, having been synthesized under optimal conditions, have a higher Δ. Slafer and Araus (1998) and Royo et al. (1999) also suggested that Δ under severe terminal drought is defined early in the crop cycle, photoassimilates produced before anthesis playing a major role in determining grain yield.
Discussion
Effects of climatic conditions on yield, senescence and carbon isotope discrimination
Relationship between grain yield, senescence and carbon isotope discrimination
The lack of correlation between Δ values and grain yield is in agreement with earlier findings from Hafsi et al. (2003) and Araus et al. (2003) and is likely to be due to a strong contribution of pre-anthesis assimilates to yield together with a sink limitation of yield, breaking the association observed between ∆ and yield under post-anthesis water stress by several authors Merah et al., 2001b; Monneveux et al., 2005) . Heading stage coincided with strong drought and frost (particularly in the first season) that strongly reduced potential grain number.
Significant correlation between grain yield and GPE and significant correlation observed in season 2 between grain yield and Δ after excluding the genotypes (Dukem and Nacori) in which ear fertility was more affected, support this hypothesis.
Senescence showed a significant negative correlation with grain yield in season 1, in good agreement with Rawson et al. (1983) and Ellen (1987) . Contrary to these findings many studies have demonstrated that delayed senescence delays remobilization and leads to reduced grain weight Zhu et al., 1997) . Yang et al. (2001) confirmed that association between grain yield and senescence highly depends 
